Abstract-Biotechnology which is one of the most striking areas of technological development in recent years can be defined as the provision of products and services intended to benefit the mankind by industrial processes using microorganisms, microbial particles and other biological materials. Especially with the discovery of bacteria which can live in extreme conditions has been made a considerable progress in the field of biotechnology and studies on important biomaterials in terms of biotechnology has accelerated. Thermophilic bacteria isolated from hot water springs are of great importance in terms of biotechnology because of their resistant enzymes against extreme conditions. Enzymes derived from resistant microorganisms live in extreme conditions are more desirable than other enzymes because they generally have high catalytic activity, create fewer side products, show more stable and cheaper properties, and they can be produced in very large amounts and high purity in the manufacturing process. Although there are many uses of xylanase, one of the major microbial enzyme, making extensive its use will be possible by the determination of new resources with resistant potential in the technological processes, and low cost-high efficiency properties. For this purpose, within the scope of this work, it has been aimed to make isolation, identification and characterization of thermophilic bacteria from the thermal waters in Erzurum Province and determination of kinetic and biochemical properties of xylanase enzymes from these bacteria.
I. INTRODUCTION
Aerobic spores forming in thermophilic bacteria growing at 70 °C were initially identified in 1888 by Miquel [1] . Thermophilic microorganisms play a key role in the industry, due to their poor living conditions at high temperatures, salt concentration, and pH. Because of their endurance in poor environmental conditions, they became a scientific attraction in the 19 th century. Since then, many scientists have considered thermophilic bacteria as a popular research field in biotechnological applications. A great number of thermophilic bacteria has been studied by scientists. Many of these belong to two Manuscript received December 5, 2014; revised July 15, 2015. main genera; Bacillus and Clostridium. The thermostable enzymes obtained from them are more stable than the mesophilic enzymes. They are widely used in food, leather, detergent, sugar, fruitjuice, wine, and paper industries, in pharmacology, and as a hydrolizing agent in beer, alcohol and starch production.
Xylans are one of the most crucial natural polysaccharides in the world and xylan is the main type of hemicellulose. Many enzymes are responsible for the hydrolysis of xylan such as; β-xylosidase and endo-1,4-β-xylanase. These enzymes are produced by many different types of microorganisms such as bacteria, molds and yeasts in the nature. Also, xylanases can appear in marine algae, protozoans, snails, insects, crustaceans and the seeds of land plants [2] . Fungal and bacterial xylanases have many commercial uses in paper manufacturing, animal feed, bread-making, textile, food and chemical industry, and gene technology. The applications of xylanase fundamentally play a key role in the industrial fields where xylanases are synthesized by mesophiles and thermophiles.
In recent years, many studies have focused on xylan and their enzyme systems. These studies are becoming more and more relevant in ecological, environmental and economical terms. In this present study, we have focused on xylanase production capacity of thermophilic bacterial isolates obtained from hotsprings. These bacterial samples were isolated, identified and characterized by using molecular methods.
II. MATERIALS AND METHODS

A. Isolation of Thermophilic Bacterial Strains
Water and sludge samples were provided from six different locations in Pasinler hot spring, Erzurum, Turkey. These samples were brought to the research laboratory under aseptic conditions and incubated in an aerobic incubator with a regulated temperature of 40-70 °C for 24-48 hours. These samples were streaked and inoculated into Nutrient Agar (NA) plates. Then, by culturing 3-4 phases into the Nutrient Agar including petri dishes, colonies that were thought to be different from each other were purified. Their colonies and cell morphologies were observed under microscope, and different morphological colonies were divided and stored in glyserol containing at -86 °C until being used.
B. Enzyme Activity Tests in Agar Medium
The isolates obtained from this study were determined in xylan medium (5 g peptone, 1 g yeast extract, 0.2 g MgSO 4 .7H 2 O, 0.1 g CaCl 2 .2H 2 O, 1 g K 2 HPO4, 5 g NaCl, 5 g xylane (oatspelt) and 15 g agar) [3] . All isolates were incubated for three days at 37 °C and at the end of this period, 0.1% Congo red solution was poured onto the media. It was held in staining for 15 minutes. Then, 1M NaCI was added to medium and incubated for 15 minutes. Consequently, strains were evaluated as a xylanase positive, which had an opaque zone around the samples [4] .
C. Morphological, Physiological and Biochemical
Charecterizations of Isolates The temperature range for growth was adjusted by incubating the isolate from 30 to 70 °C with 5 °C intervals. The impact of NaCl on the thermophilic bacterial growth was studied in NB medium containing 5.0, 10.0, 15.0 and 20.0 % (w/v) NaCl. The pH dependence of growth was tested in the pH range of 5.0-11.0 in a nutrient broth medium. Cell morphology of isolates was observed by light microscopy. Gram reactions, cell morphology, the presence of catalase, oxiadase and amylase reduction were researched according to the methods which were described by Harley and Prescott. [5] .
D. DNA Extraction from Pure Cultures
Total genomic DNA was extracted from bacteria samples using a modified method described by Baris [6] . DNA pellets were dissolved in 50-100 µl TE and stored at -20 °C.
E. PCR Amplification of 16S rDNA Sequence
The 16S rDNA genes were selectively amplified from purified genomic DNA by using oligonucleotide primers designated to anneal to conserved positions in the 3' and 5' regions of bacterial 16s rDNA genes. In this present study we used these primers: the forward primer UNI16S-L (5'ATTCTAGAGTTTGATCATGGCTCA), the reverse primer UNI16S-R (5'-ATGGTACCGTGACGGGCGGTGTGTA). Afterward, the PCR amplifications samples were sent to be used by Applied Biosystems model 373A DNA sequencer for sequencing analysis (Macrogen, Korea). The sequences consisting of about 1100-1270 nucleotides (nt) of the 16S rDNA gene were determined. These sequences were compared with those contained within GenBank [7] by using a BLAST search [8] .
III. RESULTS AND DISCUSSION
This study aimed to isolate and identify thermophilic bacteria with xylanase activity. Microorganisms are divided into four groups: psycrophiles, mesophiles, thermophiles and hyperthermophiles. They are categorized in terms of the optimum temperature values for growth. The thermophilic bacteria are able to grow above 50 °C and can be found in the geothermal areas such as hot spring waters [9] , [10] . Recently, the researchers have given great attention to thermophilic bacteria because of their industrial enzymes. The increased stability of thermophilic enzymes against high temperature, chemical denaturants and pH changes makes them more suitable for harsh industrial processes. Performing enzymatic reactions at high temperatures allows higher reaction rates and process yields because of the decrease in viscosity, the increase in the diffusion coefficient of substrates and in the solubility of substrates and products [11] . Also, the risk of contamination by common mesophiles decreases with an increasing in the reaction temperature [12] .
Lignocellulosic biomass contains mainly cellulose and xylan as major structural components. Xylan, a heteropolymer with a backbone of β-1,4-Dxylanopyranosyl residues and branches of neutral or uronicmonosaccharides and oligosaccharides, is the second most abundant biopolymer after cellulose and major hemicellulosic polysaccharide found in the plant cell wall. Xylan can be processed by xylanases for many biotechnological processes such as animal feed, bread, food and drink production and pharmaceutical and chemical applications, etc [13] , [14] To discover new thermophilic bacteria with xylanase activity, the obtained bacterial isolates were purified according to the differences in terms of colony and cell morfologies. Many different physiological and biochemical microbial tests were carried out for characterization of the isolates. According to the results, all of the isolates (CS3, CS7, CS11, CS14, CS16, CS27, CS57, CS65 and CS66) are positive in terms of gram staining, catalase and oxidase activities. In addition, they are endospore forming, mobile, rod-shaped and can propagate in the range of salt concentration of 2-5%. The optimum pH and temperature were determined for all of the isolates as 7,5-8,5 and 56 °C, respectively (Table I) .
16S rRNA sequence analyses of the isolates were accomplished to determine the systematic position at species level. According to the 16S rRNA sequence analyses, CS-3 exhibited a similarity with Pseudomonas sp., CS-7 with Pseudomonas balearica, CS-14 and CS-16 with Bacillus firmus, CS-47 with Pseudomonas stutzeri, CS-65 and CS-66 with Bacillus licheniformis, CS-11, CS-27 and CS-57 with uncultured bacterium clone (Table II) .
Regarding the 16S rRNA gene sequences of Pseudomonas, Bacillus and Uncultured bacterium test isolates, the similarity ratio of %100 was retrieved (Table  I) confirming Zeigler, 2005 [15] and Meintanis et al., 2008 [16] who confirmed that the 16S rRNA gene sequences similarity of Pseudomonas and Bacillus type strains is higher than 98%. Although the 16S rRNA gene is used as framework for modern bacterial classification, it has often been seen that its usage shows limited variation for the discrimination of closely related taxa and strains [16] , [17] .
This study demostrated that Pseudomonas sp., Pseudomonas bolearic, Pseudomonas stutzeri, Bacillus firmus, and Bacillus licheniformis species with xylanase activity predominantly exist in Pasinler hot spring water. It is planned to research the biochemical properties and biotechnological application possibility of xylanases of the bacteria in the future. 
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